SUMMARY: Taxonomic composition of fish larvae was analysed from 464 plankton samples obtained during 10 oceanographic surveys in the Gulf of California between 1984 and 1988. We identified 283 taxa: 173 species, 57 genera, and 53 families. Tropical and subtropical species predominated except during the winter, when temperate-subarctic species were dominant. The most abundant species were the mesopelagic Benthosema panamense, Triphoturus mexicanus and Vinciguerria lucetia, but the coastal pelagic species Engraulis mordax, Opisthonema spp., Sardinops caeruleus and Scomber japonicus were also prominent. The taxonomic composition of the ichthyoplankton shows the seasonality of the Gulf as well as environmental changes that occurred between the 1984-1987 warm period and the 1956-1957 cool period previously reported. The presence of E. mordax larvae as one of the most abundant species in the Gulf provides evidence of the reproduction of this species two years before the development of the northern anchovy fishery and the decline of the sardine fishery in the Gulf of California.
INTRODUCTION
The Gulf of California is a semi-enclosed system bordered on the west by the Baja California peninsula and on the east by the Mexican mainland. To the south it connects to the Pacific Ocean through a 200 km wide mouth (Fig. 1) . The Gulf has one of the most diverse and highly endemic ichthyofaunas of the eastern Pacific, which supports its designation as a separate zoogeographic province from the Panamic province, in which it is usually included due to its high proportion of tropical species (Walker, 1960 Thomson et al., 1979) . Although Ekman (1953) first suggested that the Gulf of California ecosystem represents a distinct zoogeographic province, it was not until Briggs (1974) that it received formal status as the Cortez province, which borders to the south with the Mexican province on a line drawn between Cabo San Lucas and Mazatlán. The Cortez province is characterised by a relict Pleistocene temperate-subarctic fauna located north of Tiburón and Angel de la Guarda Islands that was apparently native from the San Diego province and by a tropical-subtropical fauna found primarily in the south. Both the northern and southern faunas merge in the central region, forming a zone of high spatial and temporal faunistic contrast (Castro-Aguirre et al., 1995) . Even though the fish fauna of the Gulf of California is one of the best studied of the eastern Pacific, only a small number of studies have addressed the early life histories of the fishes. Most previous ichthyoplankton studies have been oriented towards species with commercial value, such as the Pacific sardine and the northern anchovy (Green-Ruiz and Hinojosa- Corona, 1997) . Except for the work of Moser et al. (1974) , no one has addressed the composition of the ichthyoplankton of the Gulf, primarily because little was known of the taxonomy of the fish larvae. Richards (1985) and Kendall and Matarese (1994) reported that larvae have been described for nearly 10% of the fish species worldwide, but in the eastern tropical Pacific region this proportion is even lower, as reflected in the work of Moser et al. (1974) , who found that more than 60% of the fish larvae of the Gulf were identifiable only to family. Since 1951 the California Cooperative Oceanic Fisheries Investigations program (Cal-COFI) has conducted ichthyoplankton research in the California current region, allowing more detailed analyses of ichthyoplankton composition and abundance in the California and western coast of Baja California (e.g. Loeb et al., 1983; Moser et al., 1987; Moser and Smith, 1993) , and a wide taxonomic knowledge that includes many species found in the Gulf of California (Moser, 1996) .
Progress in the identification of the fish larvae inhabiting the Gulf of California has allowed a more detailed analysis of the ichthyoplankton in terms of species composition, distribution patterns, species assemblages, and how fish larvae are affected by environmental changes, resulting in a better understanding of the ecosystem. This work is the first in a series whose objective is to characterise the larval fish communities of the Gulf of California. Here we draw up the taxonomic list and compare our findings with those of Moser et al. (1974) .
MATERIALS AND METHODS
Ten oceanographic surveys were conducted in the Gulf of California during April, July and November-December 1984 , April 1985 , June, July and August 1986 , September and November 1987 , and February 1988 . Each cruise was named with the acronym GOLCA (for Golfo de California) and four digits, the first two indicating the year and the last two the month of sampling. Therefore GOLCA 8404 refers to sampling in the Gulf of California in April 1984.
A total of 464 plankton samples were obtained with oblique tows using Bongo nets with 333-and 505-µm mesh size following the sampling methodology detailed by Smith and Richardson (1979) . Fish larvae were removed from samples and stored in 2% formalin buffered with a saturated solution of sodium borate. Only the larvae from the 505-µm mesh net were analysed; these were identified to the lowest possible taxon using Moser (1996) . Larvae of each taxon were counted and their abundances stan- dardised to 10 m 2 of sea surface following Smith and Richardson (1979) . The taxonomic organization of fish larvae is that of Eschmeyer et al. (1983) and Moser (1996) ; species are listed alphabetically within each family. Habitat and affinity data for each species were taken from Moser (1996) . For purposes of examining the seasonal distribution of each taxon, cruises occurring in April (GOLCA 8404 and 8504) were assigned to the spring period, June through September to the summer period (GOLCA 8407, 8606, 8608 and 8709) , November and December to the fall period (GOLCA 8412, 8611 and 8711) , and February to the winter period (GOLCA 8802).
RESULTS
A total of 283 taxa were identified, of which 173 were identified to species, 57 to genus, and 53 to family (Table 1) . In most cases, larvae that could not be identified to species were identified to types according to their specific pigmentation patterns and morphometric characteristics, though some larvae could not be identified to species or to type owing to a lack of information or distinguishing characters, which means that these taxa (genus or family) could include one or more species. Among the 95 families identified only eight exceeded 1% of the total capture; together these eight represented 88.5 % of the total abundance (Table 2 ). Twenty species, including mesopelagic, epipelagic and demersal species, represented 90% of the total abundance ( ed almost 54% of the abundance, but the coastal pelagic families Clupeidae, Engraulidae and Scombridae contributed 32% to the total catch (Table 2) . Winter had the fewest species (33) ( Table 4) , with a high abundance of Engraulis mordax and Sardinops caeruleus (Table 3) . Accordingly, coastal pelagic species were the most abundant component of the ichthyoplankton (63%) ( Table 4) , as were species with temperate affinity (96%) ( Table 5 ). In contrast, summer had the highest number of species (271), mostly with tropical-subtropical affinity (73%). The number of shallow demersal species was highest during the summer (130), but the most abundant taxa were mesopelagic (mainly Benthosema panamense), representing the 65% of the total catch (Table 4 ). Fall and spring had more tropical/subtropical species (58 and 59%) than temperate species (27 and 28%), however, the abundance of tropical/subtropical species and that of temperate species was nearly similar (≈ 40%). Mesopelagic taxa again were the most abundant group during fall and spring, but their dominance over the next most abundant group (coastal pelagics) was not as pronounced as during winter and summer (Table 4) . For example, the mesopelagic Leuroglossus stilbius was the most abundant species during spring with 16% of the total catch, and the coastal pelagic E. mordax was first during fall with 11%. In contrast, E. mordax was the most abundant species during winter with 74% of the total (Table 3) .
DISCUSSION
The taxonomic list of fish larvae in the Gulf of California given here is the most extensive yet presented. The 283 taxa identified represent approximately 38% of the 753 species recorded as adults in the Gulf (Castro-Aguirre et al., 1995) ; however, the list is undoubtedly conservative because at least 32 of the taxa could include more than one species, and the selectivity of the sampling technique did not allow catches of some species from shallow waters (e.g. Haemulidae and Achiridae).
The Gulf of California represents one of the most diverse ecosystems in the Eastern Pacific (CastroAguirre et al., 1995) and this diversity is reflected in the collections of fish larvae obtained in this work. In contrast with the 283 taxa identified from the Gulf of California, much more extensive samplings made in the California Current contained only 249 larval fish taxa in 31,214 samples (Moser and Smith, Jiménez-Rosenberg et al., 2000) , and 102 taxa from 132 samples south of the Gulf, in the Jalisco and Colima area (Franco-Gordo et al., 1999) . At a higher taxonomic level, Aguilar-Ibarra and Vicencio-Aguilar (1994) report 37 families in the vicinity of the Costa Rica Dome, Ahlstrom (1972) reported 56 families in a larger survey of the Eastern Tropical Pacific, and Moser et al. (1974) reported 50 families during 1956-1957 in the Gulf of California compared with 95 found in this work. Diversity differences at the family level between this study and Moser's could reflect a lack of sampling during summer because we found a large increase in the number of species during this season, but differences in the species composition and abundance were also evident, even within seasons. The most abundant species during 1956-1957 in the Gulf of California were Vinciguerria lucetia and Bregmaceros bathymaster (Table 6 ; Moser et al., 1974) , and B. panamense, L. stilbius and Engraulidae were found with the lowest abundances. In contrast, during 1984-1987, B. panamense and E. mordax were the most abundant species and B. bathymaster was ranked 27 th , with less than 0.3% of the total catch. Mesopelagic taxa contributed 39% of the total catch in 1956-57 compared with 55% in 1984-87, while for coastal pelagic taxa the values were 22 and 34% respectively.
Engraulis mordax larvae were absent in the Gulf of California during at least 1972 (Moser et al., 1974) , but in 1984, two years before the unexpected high commercial fishery catch of northern anchovy in this region, this species was one of the most abundant. The high catch of this species in 1986, accompanied by a dramatic decline in the sardine catch and the analyses of scales in laminar sediments of the FISH LARVAE FROM THE GULF OF CALIFORNIA 9 Engraulis mordax and B. panamense, as well as the increase in the relative proportions of mesopelagic and epipelagic taxa, seem to characterise the warm regime in the Gulf of California. Unfortunately, because most taxa were not identified to species during the cool regime, we cannot address possible changes in faunal affinities except to note that on the basis of the most abundant species, both the cool and warm regime have a strong tropical/subtropical faunal component with seasonal changes in abundance and species composition.
In general, during 1984-1987 the larval fish community of the Gulf of California had a strong tropical component in both species composition and abundance (70 species and 62% of the total larvae), mirroring the faunal affinities of the adults inhabiting the area (Walker, 1960; Thompson et al., 1979; Briggs, 1974; Castro-Aguirre et al., 1995) . Seasonal variability, however, shows contrasting changes between a well-developed tropical community during summer, clearly dominated by mesopelagic taxa, and a more temperate community during winter, dominated by coastal pelagic forms, but with lower species richness with transitional periods in spring and fall that nearly have a co-dominance between tropical-subtropical and temperate taxa (but with the mesopelagic as the more abundant group during spring). Another general characteristic of the larval fish community is the species richness of the shallow demersal taxa that represent almost 50% of the total species all year round, which is especially high during summer.
Seasonal changes in species composition and abundance in both faunal and habitat affinities reflect the sharp seasonal climate changes that exist between winter and summer in the Gulf of California. Sea surface temperatures reported between 1983-1996 in the northern Gulf range from 9 to 38ºC between winter and summer, while in the south seasonal variation is less dramatic, ranging from 22 to 31ºC (Soto-Mardones et al., 1999) . Seasonal changes in the hydrography of the Gulf provide suitable environments for fishes that allow them to share the Gulf as a reproduction area. Tropical Pacific water, a warm water mass of low salinity (34.65 £ ‰ ≥ 34.85), reaches the southern limit of the Gulf during winter, but during spring it flows north along the east coast (Alvarez-Borrego, 1983) , so that by midsummer the whole area has tropical conditions (Rosas-Cota, 1977) . This allows the reproduction of tropical-subtropical shallow demersal species, and promotes the dominance of mesopelagic species with epipelagic larval stages from the eastern tropical Pacific that were observed in our summer sam-10 G. ACEVES-MEDINA et al. California during 1956 -1957 (Moser et al., 1974 ples. During autumn, tropical Pacific water starts to recede southward, decreasing the sea surface temperature, and the relict temperate/subarctic fauna starts its reproductive period so that in winter the larvae of temperate species become dominant. Coastal upwelling enhances the nutrient concentration and permits increased primary productivity of the area, which in turn supports the increased number of coastal pelagic species that was observed.
General intra-and inter-annual changes observed in the ichthyoplankton species composition since the first studies in the Gulf of California reflect a close relationship with the environmental changes that occurred. The appearance of larvae of species like E. mordax, before adults were recorded in the Gulf of California, as well as the changes in abundance of several species, show that ichthyoplankton studies are useful to make predictions about changes in the fisheries of this semi-enclosed ecosystem and that the analysis of the entire community can give us more information about the changes in the ecosystem. How these changes occur in space and time in the larval fish community is a second task of our future work.
